METHOD FOR FIBER STOCK PREPARATION 



BACKGROUND OF THE INVENTION 

This is a continuation of prior PCT application No. PCT/EP02/01621, entitled 
5 "METHOD FOR PREPARING FIBROUS MATERIAL", filed February 15, 2002. 

1. Field of the invention. 

The present invention relates to a method for the preparation of fiber stock, for the 
production of paper or cardboard. 

2. Description of the related art. 

10 Fiber stock, for the production of paper and carton cardboard, is processed in the stock 

preparation that is located prior to the paper machine so that the desired attributes, such as, for 
example, mechanical characteristics, optical characteristics, etc., are achieved. Especially the 
mechanical characteristics including consistency characteristics are influenced by the so-called 
freeness of the fiber stock suspension. This freeness is an indicator as to how easily the fiber 

1 5 stock suspension can be dewatered. A certain level of freeness can be achieved by more or less 
intensive refining of the fibers in so-called refiners. This involves the fibers being shortened, 
fibrillated and crushed. This process renders the fibers flexible and increases their specific 
surface, so that the number of possible bonding points between the fibers is increased during 
sheet formation. This leads to an increase of the mechanical strength of the paper or carton 

20 produced from these fibers. The required refining process uses a considerable amount of energy. 
Approximately 120 kWhr to 200 kWhr are required per ton of fiber material, depending upon the 
type of pulp or fiber, the freeness as well as other refining parameters. The conventional method 
is to refine the fiber stock before, or after, the direct addition of the usual fillers, for example, 
calcium carbonate, titanium dioxide, etc. The aforementioned high energy volumes are utilized 

25 for this. 
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Loading with a precipitation product, for example a filler, may occur, for example, 
through a so-called Fiber Loading™ process, as described in US Patent No. 5,223,090. In this 
type of "Fiber Loading™" process, an additive, especially a filler, is deposited onto the 
moistened fiber surfaces of the fibrous material. The fibers may be loaded with calcium 

5 carbonate. Moreover, calcium oxide and/or calcium hydroxide are added to the moist, 

disintegrated fibrous material so that at least a part of this associates itself with the water that is 
contained in the fibrous material. The so treated fibrous material is subsequently treated with 
carbon dioxide. In the method that is known from US Patent No. 5,223,090, the "Fiber 
Loading™" process can occur inside a refiner. 

10 It is thus a known procedure to subject the stock or pulp to a loading process with which 

calcium carbonate is produced. However, it remains an open question as to how this treated 
stock is to be treated optimally, in other words to be refined, with regard to its mechanical, 
chemical and physical characteristics. What is needed in the art is a more economic and efficient 
refining process. 

15 

SUMMARY OF THE INVENTION 

The present invention provides a method that renders a drastic reduction in the refining 
energy for fiber stock without negatively impacting the characteristics of the paper that is being 
produced from these fibers. 
20 This method for the preparation of the fiber stock for the production of paper or 

cardboard, includes the following steps: 

a) Supplying of fibers in the form of a suspension that has a predetermined solids 
content, 
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b) Loading of the fibers with a precipitation product, without refining the 
stock, 

c) Refining of the fibers after completion of the loading process, in order to 
improve the freeness value and/or to alter the fiber characteristics, and 

5 d) Transportation of the fiber stock suspension in direction of the paper machine. 

This method allows the refining energy, required for fiber stock, to be clearly reduced, at 
the same time maintaining, almost completely, the desired attributes of the paper that is being 
produced from these fibers. 

In process step a) the solids concentration is selected to be in a range of preferably 

10 approximately 25% to approximately 40%, particularly in a range of approximately 30% to 
approximately 40% and preferably in a range of approximately 30% to 35%. 

The precipitation product with which the fibers are loaded in process step c) may be a 
filler. However, in principle other desired precipitation products are also feasible. When loading 
the fibers with a filler, such as, calcium carbonate (CaC0 3 ), it can be deposited on the moistened 

1 5 fiber surfaces by adding calcium oxide (CaO) and/or calcium hydroxide (Ca(OH)2) to the moist 
fiber material. At least a part of the filler can associate itself with the water of the fibrous 
material volume. The treated fiber material is then additionally treated with carbon dioxide 
(CO2). Further, the created calcium carbonate may form a suspension around and between the 
fibers. When adding the medium, containing the calcium oxide and/or the calcium hydroxide, to 

20 the fiber stock suspension, a chemical reaction with exothermal characteristics occurs. The 

calcium hydroxide should preferably be added in a liquid form, also known as milk of lime. This 
means that the water, that is possibly embedded in or added to the fibrous materials of the fiber 
stock suspension, is not absolutely necessary for the start and development of the chemical 
reaction. 
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The term "moistened fiber surfaces" may encompass all moistened surfaces of the 
individual fibers. This specifically also includes the scenario where the fibers are loaded with 
calcium carbonate, or any other desired precipitation product, on their outside surfaces as well as 
on their inside (Lumen). According to this method the fibers are loaded with the filler calcium 
5 carbonate, whereby the loading onto the moistened fiber surfaces occurs through a so-called 
"Fiber Loading™" process, as described in US Patent No. 5,223,090. In this "Fiber Loading™" 
process the carbon dioxide with the calcium hydroxide reacts to form water and calcium 
carbonate. 

Advantageously, the fibrous suspension is diluted, prior to refining, to a solids 
10 concentration, defined as the fiber and precipitation product mass, specific to the total volume, in 
a range of approximately 3% to approximately 7%, especially in a range of approximately 4% to 
approximately 6% and preferably in a range of approximately 4.5% to approximately 5.5%. 
With these low concentration levels during the refining process, known as low consistency 
refining, optimum mechanical strength values, such as tear or break strength, bursting strength, 
15 and tensile strength, of the produced paper web is achieved. This also provides the optimum 
parameters for the refining of pure pulp, without filler content, in order to achieve high 
mechanical strengths. The refining process may occur in several steps. The concentration of the 
fiber stock suspension may differ, or be the same in the various refining steps. In certain 
instances it is advantageous if partial refining occurs prior to the loading of the fibers with filler. 
20 Preferably, at most only half of the total refining energy is utilized for refining prior to the 

loading process. For papers where only small volumes of precipitation products or filler material 
are desired, at least a part of the precipitation product can be washed out after refining. The 
expenditure required for this is compensated for by the energy saving during refining 
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Optimum refining conditions can be achieved, especially when the fibers are refined in at 
least one refiner whose refining slot is defined by structured surfaces, whereby the fibers are 
refined in the refining slot at a specific edge load of the surface structures. A desired range of 
the edge load is approximately 0.5 J/m to approximately 5 J/m, particularly in a range of 
5 approximately 0.5 J/m to approximately 2 J/m and preferably approximately 1 .5 J/m. The 

specific edge load is an internationally common concept. It results from the division of the net- 
output (Watt) by the total edge length per second (m/s). 

The intersection angles of the surface structures that are formed, preferably by a 
respective toothed or knife filling, are advantageously in a range of approximately 10° to 
10 approximately 80°, particularly in a range of approximately 40° to approximately 60° and 
preferably approximately 40° for short fibers, and approximately 60° for long fibers. 

The present method provides a saving in refining energy of 5% to 70%, and in most cases 
from 20% to 40%, specific to the pure fiber volume. The strengths, optical characteristics, the 
porosity and the formation of the produced paper are retained, or even improved as compared to 
1 5 the refining of pulp without filler, or where the filler calcium carbonate was added in the 
conventional way. The present method advantageously can be utilized in the production of 
papers having a higher filler content, since the filler no longer needs to be washed out. 
In particular, the following process sequences are feasible: 

Partial refining -> "Fiber Loading™" (loading with a filler) -» complete refining 
20 - Partial refining -» "Fiber Loading ™" (loading with a filler) and 

partial refining -» complete refining 
The partial refining prior to the "Fiber Loading™" process is conducted gently, that is 
with a lower specific stress to the edge load. This causes the fibers to be fibrillated, making the 
loading process more efficient. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and advantages of this invention, and the 
manner of attaining them, will become more apparent and the invention will be better understood 
by reference to the following description of embodiments of the invention taken in conjunction 
with the accompanying drawings, wherein: 

Fig. 1 illustrates a segment of a preferred embodiment of a toothed or knife filling in a 
refiner of the present invention; 

Fig. 2 illustrates a segment of another embodiment of a toothed or knife filling in a 
refiner of the present invention; 

Fig. 3 illustrates an enlarged section of the toothed or knife filling of Figs. 1 or 2; 
Fig. 4 is a purely schematic illustration of a segment of the toothed or knife filling of 
Figs. 1-3, for the purpose of explanation of the angles; and 

Fig. 5 is a schematic illustration of an exemplary embodiment of a refiner that utilizes the 
toothed or knife filling of Figs. 1-4. 

Corresponding reference characters indicate corresponding parts throughout the several 
views. The exemplifications set out herein illustrate one preferred embodiment of the invention, 
in one form, and such exemplifications are not to be construed as limiting the scope of the 
invention in any manner. 



DETAILED DESCRIPTION OF THE INVENTION 

The following process steps of the present invention are undertaken in the preparation of 
fiber stock for the production of paper or cardboard: 

a) Supplying fibers in the form of a suspension with a predetermined solids 
concentration; 
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b) Loading of the fibers with a precipitation product without refining the stock; 

c) Refining of the fibers after completion of the loading process, in order to improve 
the freeness value and/or to change the fiber characteristics; and 

d) Transportation of the fiber stock suspension in direction of the paper machine, 
where additional process steps may occur. 

In process step a) the solids concentration is selected to be in a range of approximately 
25% to approximately 40%, particularly in a range of approximately 30% to approximately 40% 
and preferably in a range of approximately 30% to 35%. In process step c) the fibers can be 
loaded with any desired precipitation product, for example a filler. Prior to refining, the solids 
concentration, defined as the fiber and precipitation product mass, specific to the total volume, 
can be diluted to be within a range of approximately 3% to approximately 7%, especially to 
within a range of approximately 4% to approximately 6% and preferably to within a range of 
approximately 4.5% to approximately 5.5%. The refining process occurs in one or more steps. 
The concentration of the fiber stock suspension may vary, or be the same, in the various refining 
steps. A partial refining prior to loading of the fibers with the precipitation product, which may 
be a filler, is included in the method. For paper, where only small volumes of precipitation 
products or filler material are desired, at least a part of the precipitation product can be washed 
out after refining. 

Referring now to the drawings, and more particularly to Figs 1 and 2, there is shown a 
toothed or knife filling 12. The fibers are refined in at least one refiner whose refining slot is 
defined by structured surfaces that rotate relative to each other and that are formed by respective 
toothed or knife fillings 12. Fig. 1 illustrates a segment of a preferred embodiment of a toothed 
or knife filling 12 of a refiner that is utilized for refining the fibers. Fig. 2 depicts an additional 
possible variation of such a toothed or knife fillings 12. The fibers are refined in the refining slot 
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at a specific edge load of the surface structures in a range of approximately 0.5 J/m to 
approximately 5 J/m, especially in a range of approximately 0.5 J/m to approximately 2 J/m and 
preferably approximately 1.5 J/m. 

Now, additionally referring to Figs. 3 and 4 there is shown intersecting angles of the 
relating toothed or knife fillings 12, which can be in a range of approximately 10° to 
approximately 80°, especially in a range of approximately 40° to approximately 60° and 
preferably approximately 40° for short fibers, and approximately 60° for long fibers. As seen in 
Fig. 4, this intersecting angle is designated as y and is defined as: 

Y = oc s + <xr 
where Os = knife (bar) angle at the stator 
a R = knife (bar) angle at the rotor or 
y = 2 x a, for a s = a R 

The knife (bar) width b of the preferred knife filling 12 illustrated in Fig. 1 equals 3 mm 
and the intersecting angle y is 60°. The groove width g is 4 mm. Knife (bar) width b of knife 
filling 12 illustrated in Fig. 2 is 2 mm and intersecting angle y is 40°. Groove width g in this 
instance is 3 mm. In addition to segment angle 9, sector angle B and the tooth or knife angle (bar 
angle) a can be seen in Fig. 4. 

In another embodiment of the present invention, the fiber material is loaded, for example, 
with calcium carbonate which is a filler. Particularly, calcium oxide and/or calcium hydroxide 
(slaked lime) can be added to the fiber material in such a way that at least a portion can associate 
itself with the water that is contained in the fiber material. The association of the filler material 
occures between the fibers, in the hollow fibers and in their walls, creating the following 
chemical reaction: 
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CaO + H 2 0 -> Ca(OH) 2 

Slaking of caustic lime calcium hydroxide 



The fiber material is then treated with carbon dioxide (CO2) in the relevant reactor, such 
5 that calcium carbonate (CaCOs) is extensively deposited on the moistened fiber surfaces. This 
results in the following chemical reaction: 

"Fiber Loading™": Ca(OH) 2 + C0 2 -> CaC0 2 + H 2 0 

(Calcium carbonate + water) 
Now, additionally referring to Fig. 5, there is shown a schematic illustration of an 
10 exemplary embodiment of a refiner 10 that is equipped with a relating refining slot. Refiner 10 
includes an inlet 14 and an outlet 16 for the fibers that are to be refined. A spindle gear unit 18 
accommodates a spindle through which the refining slot is adjustable (see slot adjustment 20). 
Rotor 22 is mounted axially movable on the spindle shaft. The rotor 22 is driven through an 
axially stationary shaft 24 that is mounted in bearings 26. An oil lubrication 28 is also visible in 
15 Fig. 5. 

In particular, the following process sequences are feasible: 

Partial refining "Fiber Loading™" (loading with a filler) complete refining 
Partial refining -> "Fiber Loading ™" (loading with a filler) and 
partial refining -» complete refining 
20 While this invention has been described as having a preferred design, the present 

invention can be further modified within the spirit and scope of this disclosure. This application 
is therefore intended to cover any variations, uses, or adaptations of the invention using its 
general principles. Further, this application is intended to cover such departures from the present 
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disclosure as come within known or customary practice in the art to which this invention pertains 
and which fall within the limits of the appended claims. 
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Component Identification 



10 Refiner 

12 Structured surface, toothed or knife filling 

5 14 Inlet 

16 Outlet 

18 Spindle gear unit 

20 Slot adjustment 

22 Rotor 

10 24 Shaft 

26 Bearing 

28 Oil lubrication 

b Knife width (bar) 

g Groove width 

15 a Tooth or knife angle (bar angle) 

fi Sector angle 

y Intersecting angle 

0 Segment angle 

(Xs Knife (bar) angle at the stator 

20 ocr Knife (bar) angle at the rotor 
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